We cloned and characterized the Drosophila gene, tincar (tinc), which encodes a novel protein with eight putative transmembrane domains. The tinc mRNA was expressed specifically in four of the six pairs of cardioblasts in each segment, in a pattern identical to that of tinman (tin), a homeobox gene required for the specification of the dorsal vessel. In the non-Tin-expressing pairs of cardioblasts, tinc transcription seemed to be repressed by Seven-up. q
Results and discussion
We report the cloning and expression of a novel Drosophila gene, which we named tincar (tinc) because of its specific expression in the Tinman-expressing cardioblasts of the dorsal vessel (see below). Comparison of the tinc cDNA sequence to the genomic sequence in a database (Berkeley Drosophila Genome Project) revealed that the tinc gene contains seven exons and that its transcription unit spans approximately 18 kb (Fig. 1A) . tinc cDNA was found to contain partial sequences of two predicted genes, CG7723 and CG14320 (chromosomal location: 3R, 90C 6-7; Adams et al., 2000; Fig. 1B) . The tinc cDNA is 4.5 kb long and contains one long open reading frame that encodes a putative protein of 992 amino acids. The nucleotide sequence at the deduced start methionine matches the consensus sequence for Drosophila translational start sites (Cavener, 1987) , and there are several in-frame stop codons upstream of this methionine codon. Northern blot analysis revealed that the tinc transcript is approximately 7.4 kb long (Fig.  1C) , suggesting that the tinc mRNA contains long untranslated sequences.
The predicted Tinc protein contains multiple hydrophobic regions (Fig. 1D) , suggesting that it is a transmembrane protein. To determine the subcellular localization of Tinc, N-terminal HA-tagged Tinc was overexpressed in S2 cells using the GAL4/UAS system (see Section 2; Fig. 2A) , and the cells were stained with an anti-HA antibody and propidium iodide (PI), a nuclear marker. In permeabilized cells, a merged image of cells that were stained for Tinc and PI was consistent with the idea that Tinc was localized to the plasma membrane and not to the nucleus (Fig. 2B-E) . When the cells were immunostained without fixation and permeabilization, however, no signal was detected ( Fig. 2F-I ). These results suggest that Tinc is a type III transmembrane protein with cytoplasmic C-and N-termini (Fig. 2J) .
Next, the expression of tinc transcripts was analyzed by whole-mount in situ hybridization. tinc mRNA was not detected in unfertilized eggs (data not shown). At stage 15, tinc transcripts started to be expressed in a subset of cells of the dorsal vessel (Fig. 3A) . The Drosophila dorsal vessel (heart) is a simple organ composed of two major mesodermally derived cell types: cardioblasts, the contractile myoendothelial cells forming the heart tube, and pericardial cells, which are loosely arranged non-myogenic cells flanking the cardioblasts (Rugendorff et al., 1994 ; reviewed by Bodmer and Frasch, 1999) . Six pairs of cardioblasts make up each segment of the heart tube, and of these, tinc was expressed in four adjacent pairs that alternated with two non-Tinc-expressing pairs (Fig. 3B ). These cells continued to express tinc transcripts until the end of dorsal vessel formation (Fig.  3C ). This expression pattern is similar to that of tinman (tin), a homeobox gene required for specification of the (Azpiazu and Frasch, 1993; Bodmer, 1993) . To test if tinc and tin are expressed in the same subpopulation of cardioblasts in the dorsal vessel, embryos were stained for the tinc transcripts and the Tin protein simultaneously. As expected, the tinc transcripts were detected only in the Tinexpressing cardioblasts ( Fig. 4A-C) .
Seven-up (Svp), a COUP-TF nuclear receptor/transcription factor, is expressed in the non-Tin-expressing cardioblasts and functions to repress the expression of tin in those cells (Lo and Frasch, 2001) . To determine whether svp also negatively regulates tinc, we examined the expression of tinc transcripts in the dorsal vessel of embryos homozygous for the svp 1 null mutation. In these embryos, tinc transcripts were expressed in all six pairs of cardioblasts per segment, as was Tin (Fig. 4D-F) . Furthermore, we used the GAL4/ UAS system to examine the effect of ectopic Svp expression on the tinc transcription. The misexpression of svp 1 , one of two transcripts of the svp gene, was previously demonstrated to repress Tin (Lo and Frasch, 2001) . Ectopic expression of svp in all muscle tissue derivatives throughout embryogenesis using the SG30 GAL4 driver line caused complete loss of the expression of tinc mRNA as well as Tin protein in the cardioblasts ( Fig.4G-I ;, Lo and Frasch, 2001) . The loss of tinc expression was not due to the loss of cardioblasts in these embryos, since they could still be identified by Tb66F2 mRNA expression (data not shown), as described previously (Lo and Frasch, 2001 ). These observations indicate that Svp negatively regulates the expression of tinc, as well as of Tin. Since tinc and Tin are expressed in the same subset of cardioblasts, it is possible that one of them activates expression of the other. We examined the effect of tinc misexpression for the expression pattern of Tin in all of cardioblasts. The forced tinc expression did not make any detectable changes in the expression of Tin (data not shown). Therefore, it is unlikely that Tinc acts as an upstream activator of Tin expression. Instead, we found several Tin-binding consensus sequences upstream of tinc gene (data not shown). These observations suggest a possibility that Tin is involved in the activation of the tinc expression, although we cannot rule out the possibility that tinc is regulated indirectly by Tin.
In summary, tinc is expressed in the Tin 1 subpopulation of cardioblasts but not in the other, Tin -Svp 1 subpopulation, in which Svp negatively regulates both tinc and tin (Fig. 4J) . It is possible that these two cardioblast types have different electrophysiological properties, because one type of sulfonylurea receptor subunit of the ATP-sensitive potassium ion channel is expressed exclusively in the cardioblasts expressing Tin and tinc (Nasonkin et al., 1999) . Moreover, a recent study demonstrated that the morphology of the Svp-expressing cardioblasts becomes different from that of the Tinexpressing cells during larval development (Molina and Cripps, 2001) , suggesting that the genetic diversity of cardioblasts specifies their functional differences. Future investigations will be aimed at understanding the mechanisms and physiological implications of the specification of these cardioblast identities. Although loss-of-function tinc mutants are not currently available, we are trying to isolate such mutants by the P-element local hopping technique; these mutants will unequivocally reveal the function of tinc in cardioblast development.
Experimental procedures

Fly cultures
Fly crosses and embryo collections were performed using standard procedures. The embryos were individually staged according to Campos-Ortega and Hartenstein, 1997. The svp 1 and UAS-svp1 lines were gifts from Y. Hiromi (National Institute of Genetics, Japan). The SG30 GAL4 was described previously (Lo and Frasch, 2001 ). Canton-S was used as the wild-type strain.
cDNA library screen, DNA and RNA techniques
The two overlapping tinc cDNA clones, c-1 and c-2, were isolated by screening an embryo (0-18 h) cDNA library using the PCR-1 fragment as a probe; this fragment had been obtained in PCR reactions performed to isolate genes mapping to 90C (Hirota et al., unpublished data) . The 3 0 -UTR sequence (3prime) was obtained by 3 0 -RACE performed on mRNA from third-instar larvae. The complete coding sequence for tinc (GenBank accession no. AF509933) was assembled from these cDNA clones. The predicted protein sequence was analyzed using the SMART program. Northern blotting analysis was performed using the method of Fischer-Vize et al. (1992) .
Staining procedures
The rabbit anti-Tin antibody was provided by M. Frasch. In situ hybridization of embryos were performed as described in Knirr et al. (1999) . Microscopic analyses were performed on a Zeiss Axioplan2 or a LSM 510 confocal microscope, and images were processed using Adobe Photoshop 5.0 software.
Cell culture and transfection
The tinc cDNA was inserted into pUAST with an N-terminal hemagglutinin (HA) tag epitope sequence, to generate pUAST-HA-tinc. pWAGAL4, a driver plasmid that expresses GAL4 under the control of the actin5C promoter, was a kind gift from Y. Hiromi (National Institute of Genetics, Japan). S2 cells were cultured, and transfected with Cellfectin (GIBCO/BRL) using standard protocols. ). In wild-type embryos (A-C), both the Tin protein and tinc transcripts were expressed in sets of four adjacent cardioblasts per segment (insets in A-C). Tinpositive pericardioblasts are marked by arrowheads (insets in A,C). In svp 1 mutant embryos (D-F), both Tin protein and tinc transcripts were expressed in all six of the cardioblasts per segment (insets in D-F). In embryos with UAS-svp1 expression driven by the SG30 GAL4 driver (G-I), both Tin protein and tinc transcripts were lost. Anterior is towards the left in all panels. (J) Summary of the expression of three genes, svp, tin, and tinc, in wild-type, svp 1 mutants, and svp-misexpression embryos.
